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Operations driven
by power, weight,
volume

»

High value data,
finite buffers

Intermittent
Connectivity

Transaction sizes are
small compared to
bandwidth-delay
product

Backbone contact periods:

- short relative to delay

* possibly one-way

- possibly separated by
days, weeks

- cannot guarantee an
end-to-end path
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"Delay Tolerant Networking”-
reliable communications in
highly stressed environments

Delay can be introduced by, e.g.,
Propagation

Intermittent connectivity

Lack of resources (power, buffers)
Simplex or asymmetric channels

- Stressed tactical communications
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Society

Focused
at
NASA-JPL

Other DTN
Study 6roups

Delay Tolerant Networking:
a broad community effort

Other sources of
funding and talent
(e.g., Intel Research)
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Profiles:
Sensor Webs
Tactical DOD

IPN

Open Architecture
Open Specifications
Open Implementations
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Internet in outer
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DTN User
Communities

DTN Standardization  otane T

DTN Architecture

DTN Core Engineering . DTN Design Documents

Reference Implementation

DTN Open Source SOftware - Configuration Control
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DTN Technical
Qutreach




The International Space Community:
Standardization Thrusts
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International space standards are
developed within the
Consultative Committee for
Space Data Systems (CCSDS)

Spa’ce
Internetworking

Space-
Ground
Interface
¢ Space Mission
Operations
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Current Space/Ground Communications Protocol Stack
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Space Applications

Space Networking

Space Link

W»Spac»e Channel Qodi‘ng‘

Space Wireless Frequency and Modulation




Current Space/Ground Communications Protocol Architecture

Spacecraft Instruments and Subsystems

Exposed Application Services

~Space Packet
Protocol
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The Next Few Years

In the next few years (2002-2005) we will evolve and migrate to
add:

1. A new flavor of CCSDS space link protocol for communicating at
short range, e.g., between spacecraft in a constellation or between
orbiters and surface assets

* “Proximity 17 protocol

2. A more networked set of upper layer standards:
« CCSDS File Delivery Protocol (CFDP) for disconnected
environments
— Long delays, episodic connectivity
— Custodial store-and-forward mode
— Most missions will use this for routine space/ground data hauling

* Internet suite for richly connected in-situ environments
— Short delays, stable connectivity

— Instantaneous end-end dialog
— Onboard a spacecraft; near-Earth; on and around another planet

3. Standardized onboard networking




Emerging Space/6round Communications Protocol Stack

Space Applications r‘
R

Space File Transfer

Space End-to-End Reliability

Space End-to-End Security

Space Networking

Space Link —

Space Wireless Frequency and Modulation




Emerging 2002-2005 Deep Space Communications Protocol Architecture

Space
Spacecraft Instruments and Subsystems Applications

Exposed Application Services
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What is CFDP?

<+ The CCSDS File Delivery Protocol is an internationally standardized
mechanism to deliver files of space mission data end-to-end through a
space network via a series of store-and-forward hops, using custody
transfer techniques

< The current CFDP ("Build 1") provides non-routed, non-custodial
delivery through a single hop.

It supports.

. . : User
» the user application » APPLICATION application

And consists of:
« file handling mechanisms CFDP File operations

+
CFDP point-to-point reliability s
. . . g R roceqaures
« point-to-point reliability (PDU ack & retransmit)
mechanisms (Currently
no routing or
custody transfer)

it draws upon:

 underlying space link unit B
data transfer services CCSDS Space Link UT layer




CFDP Operations Scenarios

Build 1 CFDP Build 2 CFDP%
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Currently in
deployment (Deep _ -
point-to-point, Impact) . point-to-point,

unacknowledged acknowledged . . .
3. multi-hop, in series

Build 3 CFDP

4, muIti-hop, in parallel
- without cross-links




The 5 year Scenario:
fully automated end to end
file transfer
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The IPN is a
“network of
internets”

So how does all of this
relate to the
Interplanetary Internet?




The Internet: a Network of Connected Sub-Networks
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Bundles: A Store and Forward A

plication Overlay
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Internet a Internet b
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Emerging Space/Ground Communications Protocol Stack

ri

IPN Applications File Transfer

BUNDLING

Local Space ereless Frequency awnd Modulatlon




"Bundling”

Bundle Service Layering

e2e Applications
(e.g., Bundle FTP, CFDP, Bundle NTP)

Bundle APT

Bundle Segmentation & Reassembly
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Bundle Routing

Convergence Layer (specific adapters that map
Bundlies to underlying transmission services)

LTP TCP UDP
IP

ccsbs | ccsbs




CCSDS Space Communications Protocol Architecture

Space
Spacecraft Instruments and Subsystems Applications

Exposed Application Services

Space Messaging Application
‘ ———— ' Services

BUNDLING
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CFDP

Store and forward mode
Transfers files

Currently point-point:

— Static Routing

— Implicit notion of Custody
Monolithic
Fairly complex; adding
routing + custody transfer
will make it more so

Only of current interest to
the ‘space’ community

An IPN Strategy

Bundling

Store and forward mode
Transfers all forms of data

Inherently networked:
— Dynamic Routing
— Full DTN Custody protocol

Will be internally layered

Quite complex, but
layering will make
complexity manageable

Of wide potential interest
to other communities

Get CFDP into widespread use as a waypoint to Bundling

Limit the complexity of the core protocol

Mobilize other DTN users to develop Bundling as a community effort
Broader base of users and applications = faster development and more robustness

Infuse Bundling to handle needed complexity and simply move a
stable CFDP to become an application running over Bundling




CFDP Core Extended
Procedures
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DTN User
Communities

Sensor Tactical | Homeland Space
Webs Military Security Exploration

DTN Standardization " Standares Bodies

DTN Architecture

= DTN Core Engineering at JPL . DTN Design Documents

Reference Software

DT N O pe N SO urce «  Configuration Control

Technical Experimenters DTN Technical
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Bundle Layer Protocol Specification
Mg
96,242

IPN DTN Bundle Protocol
Architecture Architecture  gpecification, Draftl

(Internet Draft 1) (Internet Draft 2) 2002
May 2001 August 2002 epTember

Bundle Specification

Specifications

Code base

Bundle Prototyping
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